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1
AUTOMATED VALVE TESTING APPARATUS

FIELD OF THE INVENTION

The present invention relates to means for the automated
testing of the operational status of valves without fully open-
ing or closing them, thus minimizing disturbance of the fluid
or process that they control.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates 1n general to any application of fluid
control valves where high reliability of operation 1s essential.
Such applications exist in a number of industries. In particular
this invention relates to emergency shut down systems used,
for example, 1n the processing industries. Typically o1l and
gas plants will have pneumatically controlled emergency
valves within their systems. In the event of a potential hazard
the emergency valves will operate to etther close thus 1solat-
ing the plant, or open thus providing a bypass to controlled
fluids. In many instances, these emergency valves may
remain 1n their operational position for a period of months or
even years. Therefore a frequent problem with such valves 1s
that they may fail to operate correctly in the event of an
emergency because components have become seized or slow
to response. This problem may lead to a hazardous situation.
This invention relates to the automated testing of such valves
with minimum impact on the normal operation of the plant to
gain increased confidence that i the event of a potential
hazard the valve will operate as intended.

2. Description of the Related Art

A number of products exist within the market that provide
automated testing of valves, including emergency valves.
Many of these are based on mitiating the sequence to be
adopted during a hazardous situation for a period of time that
1s long enough to determine that the valve 1s not seized and 1s
free to operate correctly, but of a short enough period so that
the valve does not fully operate and disturb the controlled
process. Such automated test mechanisms are termed partial
stroke testing within the field.

U.S. Pat. No. 6,089,269 teaches partially stroking an emer-
gency valve based on a predetermined voltage oif period. The
"269 patent teaches nitially turning the timers to a minimum
and gradually increasing the voltage off period in order to
avold overshooting the desired valve position.

U.S. Pat. No. 6,920,409 describes a method of partial
stroke testing based on a predetermined time interval. The
method then compares data gathered from previous success-
tul operations of the valve with data gathered during an auto-
mated test. Should the data differ between the 1initial test and
the subsequent test 1n key aspects, the potential for failure of
the valve would be 1dentified.

The present invention describes a method for the detection
of potential valve failure without the need for mitial testing or
initial test data.

ASPECTS OF THE INVENTION

The main objective of my mvention 1s to provide a device
to facilitate partial stroke testing of valves withoutreliance on

previous testing of the valve.

According to an aspect of the mvention, a method for
partially stroking an emergency valve apparatus comprising,
an actuator and a valve member, the apparatus being movable
between a first position and a second position, comprises the
steps of:
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imtiating partial stroke movement of the apparatus from
the first position towards the second position;

measuring a parameter of a fluid acting on the apparatus;
and

reversing the partial stroke movement of the apparatus
when the measured parameter of the fluid reaches a threshold
value.

Preferably, the measured parameter comprises a fluid pres-
sure.

Preferably, the method turther comprises the step of com-
paring the measured pressure to a mathematical model to
determine an operational status of the emergency valve.

Preferably, the threshold pressure comprises a pressure
above atmospheric pressure.

Preferably, the measured parameter comprises a flow rate
of the fluid exhausted from the apparatus.

Preferably, the measured parameter comprises a tlow rate
of the fluid provided to the apparatus.

Preferably, the method further comprises partially stroking
the emergency valve 1n an 1terative manner, wherein each of
the partial strokes comprises a different measured fluid
parameter threshold value.

According to another aspect of the invention, a method for
partially stroking an emergency valve apparatus comprising
an actuator and a valve member, the apparatus being movable
between a first position and a second position, comprises the
steps of:

imtiating partial stroke movement of the apparatus from
the first position towards the second position by adjusting an
energy supplied to the apparatus;

measuring the energy acting on the apparatus; and

reversing the partial stroke movement of the apparatus and
the valve when the measured energy reaches a threshold level.

Preferably, the step of measuring the energy acting on the
apparatus comprises measuring a current.

Preferably, the step of measuring the energy acting on the
apparatus comprises measuring a voltage.

Preferably, the method further comprises the step of mea-
suring a pressure of a fluid acting on the apparatus.

Preferably, the method turther comprises the step of com-
paring the measured pressure to a mathematical model to
determine an operational status of the emergency valve.

Preferably, the method further comprises partially stroking,
the emergency valve 1n an iterative manner, wherein each of
the partial strokes comprises a different measured energy
threshold value.

According to another aspect of the invention, a method for
determining the operational status of an emergency valve
apparatus, movable between a first position and second posi-
tion, comprises the steps of:

measuring a pressure acting on the apparatus during a
partial stroke test; and

comparing the pressure acting on the apparatus during the
partial stroke test to a mathematical model.

Preferably, the mathematical model 1s based on a non-
operational apparatus.

Preferably, the mathematical model 1s based on an appara-
tus having a fixed volume during the partial stroke test.

Preferably, the method further comprises the step of using
the equation:

P=ae~?? 35 the mathematical model.

Preferably, the method further comprises the step of deter-
mining the emergency valve 1s operational 1f the pressure
acting on the apparatus during the partial stoke test varies
from the mathematical model by more than a threshold dii-

ference.
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According to another aspect of the invention, a method for
partially stroking an emergency shut down system,

said emergency shut down system comprises:

an emergency valve apparatus comprising an actuator and
a valve, adapted to control fluid flow 1n a pipeline and being
movable between a first position and a second, the apparatus
being biased towards the second position;

a solenoid valve that,

when energized, provides a fluid tlow path between a pres-
surized fluid supply and the apparatus, thus allowing a pres-
surized fluid to act on the apparatus thereby moving the
apparatus to the first position, and

when de-energized, closes the fluid tlow path between the
pressurized fluid supply and the apparatus and opens a fluid
flow path between the apparatus and a pressure release ventto
release the pressurized fluid acting on the apparatus; and

a pressure sensor adapted to measure a pressure acting on
the apparatus;

said method comprises the steps of:

de-energizing the solenoid valve;

measuring the pressure acting on the apparatus as the pres-
surized fluid acting on the apparatus 1s released;

re-energizing the solenoid valve to re-open the fluid tlow
path between the pressurized fluid supply and the apparatus
and to close the fluid flow path between the apparatus and the
vent; and

comparing the measured pressure to a mathematical
model.

Preferably, the apparatus moves from the first position
towards the second position as the pressurized fluid acting on
the apparatus 1s released.

Preferably, the method further comprises the step of re-
energizing the solenoid valve when the measured pressure
reaches a threshold pressure.

Preferably, the threshold pressure 1s chosen such that the
fluid tlow path between the pressurized fluid supply and the
apparatus opens prior to the apparatus reaching the second
position.

Preferably, the step of comparing the measured pressure to
a mathematical model comprises the step comparing the mea-
sured pressure to a mathematical model based on an appara-
tus having a fixed volume.

Preferably, the step of comparing the measured pressure to
a mathematical model comprises the step of comparing the
measured pressure to the equation:

P=ae %

Preferably, the method further comprises the step of deter-
mimng the emergency valve 1s operational if the measured
pressure varies from the mathematical model by more than a
threshold difference.

According to another aspect of the invention, an emer-
gency valve, comprises:

a valve apparatus including a pipeline valve and an actua-
tor, the apparatus being movable between a first position and
a second position;

a solenoid valve adapted to provide a fluid flow path
between a pressurized fluid supply and the apparatus when
energized, and adapted to provide a fluid flow path between
the apparatus and a pressure release vent when de-energized;

a sensor adapted to measure a parameter of a fluid acting on
the apparatus;

a control means provided to selectively provide the sole-
noid with a solenoid electrical supply; and

a testing means for 1nitiating a partial stroke of the pipeline
valve by removing the solenoid electrical supply from the
solenoid valve, thereby de-energizing the solenoid valve and

10

15

20

25

30

35

40

45

50

55

60

65

4

re-energizing the solenoid valve when the measured param-
eter of the fluid acting on the actuator reaches a threshold
value.

Preferably, the measured parameter comprises a fluid pres-
sure.

Preferably, the testing means 1s further configured to com-
pare the measured fluid pressure to a mathematical model to
determine an operational status of the pipeline valve.

Preferably, the mathematical model 1s based on an appara-
tus having a fixed volume.

Preferably, the mathematical model comprises the equa-
tion:

P=ae

Preferably, the threshold value comprises a pressure above
atmospheric pressure.

Preferably, the measured parameter comprises a flow rate
of fluid exhausted from the apparatus.

Preferably, the measured parameter comprises a flow rate
of fluid provided to the apparatus.

Preferably, the apparatus further comprises a biasing
means adapted to bias the apparatus towards the first position.

Preferably, the pressurized fluid supply 1s capable of pro-
viding a pressure suificient to overcome the biasing means
and retain the apparatus at the first position.

Preferably, the apparatus moves from the first position
towards the second position after the solenoid valve 1s de-
energized.

Preferably, the predetermined pressure at which the sole-
noid valve 1s re-energized 1s chosen such that the apparatus
does not reach the second position during the partial stroke of
the emergency valve.

Preferably, the testing means 1nitiates the partial stroke of
the pipeline valve 1n an 1terative manner, and wherein each of
the partial strokes comprises a different measured fluid
parameter threshold value.

BRIEF DESCRIPTION OF THE DRAWINGS

An example of the invention will now be described by
referring to the accompanying drawings:

FIG. 1 1s a diagrammatic view of an emergency shut down
system consisting of a flmd operated valve controlled by an
actuator with a pressure transducer utilized to test the opera-
tional itegrity of the system.

FIG. 2 1s a graph of typical pressure measurements made
from the system depicted with FIG. 1 against time, together
with the key events within the automated test timeline.

FIG. 3 1s a diagrammatic view of an emergency shut down
system consisting of a fluid operated valve controlled by an
actuator with a position transducer utilized to test the opera-
tional integrity of the system.

FIG. 4 1s a diagrammatic view of an emergency shut down
system consisting of a flmd operated valve controlled by an
actuator with a pressure transducer and position transducer
utilized to test the operational integrity of the system.

DETAILED DESCRIPTION OF THE INVENTION

FIGS. 1-4 and the following description depict specific
examples to teach those skilled 1n the art how to make and use
the best mode of the mnvention. For the purpose of teaching
inventive principles, some conventional aspects have been
simplified or omitted. Those skilled in the art will appreciate
variations from these examples that fall within the scope of
the invention. Those skilled in the art will appreciate that the
teatures described below can be combined 1n various ways to
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form multiple vanations of the invention. As a result, the
invention 1s not limited to the specific examples described
below, but only by the claims and their equivalents.

FIG. 1 1s a diagrammatic view of an example embodiment
of the mvention within an emergency shut down system 10
consisting of a tluid operated valve apparatus. The fluid may
comprise a pneumatic tluid supply, a hydraulic fluid supply or
any other suitable fluid. The valve apparatus comprises a
pipeline valve 101 and an actuator 103. The emergency shut
down system 10 comprises a pipeline 100, a pipeline valve
101, an emergency valve to actuator linkage 102, an actuator
103, an actuator return spring 104, a solenoid valve 105, a
control tluid supply 106, a control means 107, an electrical
supply 108, a testing means 109, a solenoid electrical supply
110, a sensor 111, and a control fluid conduit 112.

The emergency shut down system 10 1s provided to close
the fluid pathway of pipeline 100, using the pipeline valve
101, 1n the event of a hazard being detected. Alternatively, the
emergency shut down system 10 may operate to open the
pipeline valve 101 thereby creating a bypass through pipeline
100. It should be understood that while the description that
tollows relates to emergency valves, such as pipeline valve
101, the present invention 1s equally applicable to the testing
of other types of valves. Likewise, while the discussion below
1s directed towards normally open valves, the present mven-
tion 1s equally applicable to normally closed valves.

Under normal operation, with no potential hazard 1denti-
fied, the control means 107 would provide the electrical sup-
ply 108 to the testing means 109 which in turn would provide
the solenoid electrical supply 110 to the solenoid valve 105,
According to another embodiment of the invention, the test-
ing means 109 may be included in the control means 107 and
thus, the control means 107 would provide the solenoid elec-
trical supply 110 to the solenoid valve 105. The control means
107 may comprise a processor unit, a CPU, a user interface,
etc.

According to an embodiment of the mnvention, as the sole-
noid valve 105 1s 1n 1ts energized state 1t provides fluid tlow
between the control fluid supply 106 and the actuator 103
through the fluid conduit 112. The solenoid valve 105 also
includes a pressure release vent. When the solenoid valve 105
1s energized, fluid communication between the valve appara-
tus and the pressure release vent of the solenoid valve 1s
closed. According to one embodiment of the invention, the
fluid communication with the valve apparatus is to the actua-
tor 103 and the pressure release vent of the solenoid valve 105
1s closed. However, 1n embodiments where the actuator 103 1s
not present, the fluid communication may be directly with the
pipeline valve 101. The discussion below 1s limited to the
embodiment where fluid 1s in communication with the actua-
tor 103 solely for the purpose of clarity. Sufficient pressur-
ization of the actuator 103 overcomes the friction of the
actuator 103 and the return spring 104 and causes the emer-
gency valve to actuator linkage 102, which 1in turn moves the
pipeline valve 101 within the pipeline 100 to a first position.
According to one embodiment of the invention, the second
position of the pipeline valve 101 prevents fluid tlow through
the pipeline 100. According to another embodiment of the
invention, the second position of the pipeline valve 101
allows fluid flow through the pipeline 100, while the first
position prevents fluid flow through the pipeline 100.

Under conditions where it 1s desirable to shut down the
system 10, the control means 107 can remove electrical sup-
ply 108 to the testing means 109 which consequently removes
solenoid electrical supply 110 to the solenoid valve 105. As
the solenoid valve 1035 1s 1n 1ts de-energized state, fluid tlow
between the control fluid supply 106 and the actuator 103 1s
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prevented, and fluid flow between the actuator 103 and the
pressure release vent of the solenoid valve 105 1s open. Once
the actuator 103 1s no longer pressurized, the spring 104
overcomes the friction of the actuator 103 and 1s allowed to
extend. This causes the emergency valve to actuator linkage
102 to move the emergency valve from the first position to the
second position within the pipeline 100.

According to an embodiment of the invention, the control
means 107 can send a signal to the test means 109 to imitiate
a partial stroke test of the emergency shut down system 10. A
partial stroke test follows the operation outlined above; how-
ever, the solenoid 105 1s re-energized prior to the closing of
the pipeline valve 101 within the pipeline 100. Because the
pipeline valve 101 does not tully close the fluid flow through
the pipeline 100, there must be some alternative method of
determining whether the pipeline valve 101 1s operational.
Furthermore, it 1s undesirable to have full closure of the
pipeline valve 101 during a partial stroke test as full closure
can seriously affect the pipeline operation. Therefore, the
partial stroke test must end prior to full closure. In the prior
art, the partial stroke test would end after a predetermined
amount of time or alternatively, based on a valve position as
determined by limit switches. However, because various
parameters of the fluid acting on the apparatus are already
measured, according to an embodiment of the invention, the
partial stroke test may be controlled based on a measured
parameter of the fluid. For example, when the measured
parameter reaches a threshold value, the solenoid 105 may be
re-energized. The measured parameter may comprise, for
example, a pressure, a tlow rate, or a combination thereof of
the flmd acting on the valve apparatus. Once the measured
parameter reaches a threshold value, the partial stroke test
ends and the solenoid 1035 1s re-energized.

Furthermore, 1n many situations, 1t 1s desirable to conduct
the partial stroke test at the normal operating speed rather than
at a reduced speed as seen 1n the prior art. The valve may not
operate as mtended at reduced speed and therefore the test
could give insufficient results. Therefore, according to an
embodiment of the invention, the partial stroke test 1s per-
formed at normal operating speed. However, there may be
situations where 1t 1s desirable to perform the test at a reduced
speed and therefore, according to another embodiment of the
invention, the partial stroke test 1s performed at a reduced
operating speed.

According to another embodiment of the invention, a flow
rate of the pressurized fluid flowing either to or from the
apparatus, and specifically, the actuator 103 can be measured.
IT the flow rate reaches a threshold value, the testing means
109 can end the partial stroke test. According to yet another
embodiment of the invention, the testing means 109 may
measure the energy acting on the solenoid 103. If the energy
acting on the solenoid 105 reaches a threshold level, the
testing means 109 can end the partial stroke test. The present
invention provides a method for determining the operational
status of a pipeline valve 101. It should be understood that 1n
some embodiments the measured energy acting on the sole-
noid 105 comprises a current or a voltage decay. This could be
the case where energy 1s supplied to the solenoid 105 to keep
the pipeline valve 101 open and thus, energy 1s removed from
the solenoid 105 during the partial stroke test. However, in
other embodiment, energy 1s not normally supplied to the
solenoid 103, but rather, energy 1s supplied to the solenoid
105 during the partial stroke test. In this embodiment, the
energy acting on the solenoid 105 would comprise a current
or a voltage supply rather than an energy decay.

According to an embodiment of the invention, the control
means 107 initiates a partial stroke emergency valve test.
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Unlike the prior art, which compares test results to prior data
obtained at an earlier time, the present invention does not
require prior tests or previously obtained data to verity the
operational status of the pipeline valve 101.

FIG. 2 1s a graph of typical pressure measurements made
from the system 10 depicted with FIG. 1 against time of an
example embodiment of the mvention within an emergency
shut down system 10. As described below, the test means 109
can compare the pressure measurements made from the emer-
gency shut down system 10 to a mathematical model, such as
trace A. Trace A shows a trace of the expected pressure
measured by a pressure sensor 111 within the tfluid conduit
112 if the valve apparatus was seized. If the actuator 103 1s
seized, then the spring 104 does not move upon the loss of
pressure from the system. Therefore, the actuator 103 can be
characterized as having a fixed volume. The pressure decay of
this fixed volume system can be characterized as a math-
ematical model, such as:

—bHr

(1)

P=ae

where:

P=Pressure

a=constant for the system

e=base of the natural logarithm

b=time constant

t=time

It should be understood that the equation provided above 1s
merely one mathematical model, and other mathematical
models may be used. Furthermore, other forms of mathemati-
cal analysis may be performed with the data obtained from the
pressure reading. For example, according to an embodiment
of the mvention, the partial stroke test 1s performed 1n an
iterattve manner (multiple tests 1n a series). According to this
embodiment, the measured fluid parameter obtained from
cach test can be compared to one another. According to
another embodiment of the invention, each test can end based
on a different threshold value for the measured fluid param-
cter.

When the actuator 103 1s seized, the pressure of the system
decays exponentially, this can be seen as trace A. In contrast,
trace B shows a trace of the pressure obtained from pressure
sensor 111 during a test of the pipeline valve 101 where the
valve apparatus 1s operational. At point 200, the testing means
109 removes the solenoid electrical supply 110 from the
solenoid valve 105, thus de-energizing the solenoid valve
105. The power decay that occurs can be measured. Accord-
ing to an embodiment of the invention, 11 the measured power
reaches a threshold level, the control means 107 may end the
partial stroke test. Typically, there 1s a time delay between
when the electrical supply 110 1s removed from the solenoid
valve 105 and when the solenoid valve 105 actually moves. At
point 201, the solenoid valve 105 de-energizes, thus closing,
off the control fluid supply 106 from the actuator 103 and at
the same time, allows the pressure acting on the actuator 103
and the pressure 1n the fluid conduit 112 to de-pressurize to
the environment through the pressure release vent 1n the sole-
noid valve 105. The de-pressurization of the fluid conduit 112
can be seen atpoint 201, where the pressure drops. Depending
on the precise configuration of the emergency shut down
system 10, the sensor 111 may experience a brief period of
disturbance, which 1s shown on FIG. 2 between points 201
and 202. According to an embodiment of the invention, the
sensor 111 comprises a pressure sensor. However, according
to another embodiment of the invention, the sensor 111 may
comprise a flow sensor, which measures the tlow of the flmd
either being provided or exhausted to/from the apparatus.
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After the period of disturbance, the pressure decay stabi-
lizes as shown starting at point 202. Although the pressure 1s
decaying, at point 202, the pressure within the system 1s still
high enough to overcome the force of the spring 104, and thus
the actuator 103 has not moved yet. Therefore, the system 1s
characterized as having a fixed volume and the pressure mea-
sured by pressure sensor 111 follows the mathematical curve
as depicted by trace A. Trace B follows the mathematical
model until the spring force of return spring 104 can over-
come the friction force of the actuator 103 and the pressure
acting on the actuator 103. Once the actuator 103 moves, the
pressure within the system no longer has a fixed volume and
thus, the pressure measured by pressure sensor 111 departs
from trace A. This can be seen at point 204. Departure from
trace A 1s indicative of an operational pipeline valve 101
because the pipeline valve 101 1s directly linked to the actua-
tor 103 via the emergency valve to actuator linkage 102. IT
however, the pressure obtained from the test followed trace A
until there was no pressure 1n the system, then the actuator
volume most likely did not change and therefore, the pipeline
valve 101 would fail to move from a first position to a second
position.

FIG. 2 also shows a trace C along with a point 203, which
1s where trace B intersects with trace C. Trace C 1s a threshold
value of a measured parameter. The parameter may comprise
a threshold pressure or a threshold flow rate. The threshold
value may be programmed into test means 109 or may be set
by the user. During a test run, the threshold pressure repre-
sents the pressure at which the testing means 109 restores the
solenoid electrical supply 110 to the solenoid valve 105. As
with de-energizing the solenoid valve 105, re-energizing the
solenoid valve 105 typically has a time delay between the
time where power 1s supplied and the time at which the
solenoid valve 105 actually moves. Therefore, trace C 1s
chosen at a threshold value such that the solenoid valve 105
will have moved prior to the point at which the spring 104
completely overcomes the pressure acting on the actuator
103. By energizing the solenoid valve 105 at the threshold
value, the pipeline valve 101 1s not allowed to move com-
pletely to the second position. Instead, the actuator 103 1s only
allowed to partially stroke, thus keeping the pipeline valve
101 open and preventing any disturbance 1n the system 10.
After a predetermined period of time, the testing means will
discontinue monitoring the pressure within the flud conduit
112 with the pressure sensor 111, this 1s point 205. It should
be understood that the solenoid valve 105 may be re-ener-
gized when the fluid flow rate reaches a threshold value.
According to another embodiment, the solenoid valve 1035
may be re-energized when the energy acting on the solenoid
valve 105 reaches a threshold level.

After the test sequence depicted within FIG. 2 has been
completed, the testing means 109 analyzes the pressure mea-
sured by the pressure sensor 111 within the fluid conduit 112
that 1s acting on the actuator 103 during the test sequence to
determine data between points 202 and 203. From the data
between points 202 and 203 the pressure profile of trace B 1s
expected to match the pressure profile of trace A generated
from the mathematical model of equation 1, or similar equa-
tion. The data between points 204 and 205 1s also analyzed.
Starting at point 204, the measured pressure profile of trace B
should deviate from the mathematical model represented by
trace A. Should the two pressure profiles differ by more than
a threshold amount, the valve would be viewed to have oper-
ated satistactorily. If on the other hand, the pressure profiles
substantially match, or do not deviate from trace A beyond a
threshold amount, the valve would be viewed to have failed to
operate and further imvestigation would be necessary.
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It should be understood that the foregoing description can
relate to either an emergency shut down system that closes the
pipeline 100, or an alternative embodiment to the foregoing
description would relate to a bypass emergency shut down
systems, that under conditions where 1t 1s desirable to shut
down the system the valve would open rather than close.

FIG. 3 shows another alternative embodiment to the fore-
going description, which provides a diagrammatic view of an
emergency shut down system 30 consisting of a valve appa-
ratus comprising a pipeline valve 101 controlled by an actua-
tor 103 with a position transducer 113 utilized to test the
operational integrity of the system 30. Within this alternative
embodiment a position transducer 113 1s connected to the
output of the actuator 103. During the foregoing test sequence
the position transducer 113 would be utilized by the testing
means 109 to directly determine 1f the valve 101 would be
viewed to have operated satistactorily.

FI1G. 4 shows another alternative embodiment to the fore-
going description, which provides a diagrammatic view of an
emergency shut down system 40 consisting of a pneumati-
cally operated valve 101 controlled by an actuator 103 with a
pressure transducer 111 and position transducer 113 utilized
to test the operational integrity of the system 40. Within this
alternative embodiment the combined data from the position
transducer 113 and the pressure sensor 111 would be utilized
by the testing means 109 to determine 11 the valve would be
viewed to have operated satisfactorily.

The detailed descriptions of the above embodiments are
not exhaustive descriptions of all embodiments contemplated
by the mnventors to be within the scope of the mvention.
Indeed, persons skilled in the art will recognize that certain

clements of the above-described embodiments may variously
be combined or eliminated to create further embodiments,
and such further embodiments fall within the scope and teach-
ings of the mvention. It will also be apparent to those of
ordinary skill in the art that the above-described embodiments
may be combined in whole or in part to create additional
embodiments within the scope and teachings of the invention.

Thus, although specific embodiments of, and examples for,
the 1nvention are described herein for illustrative purposes,
various equivalent modifications are possible within the
scope of the mvention, as those skilled 1n the relevant art will
recognize. The teachings provided herein can be applied to
other valve systems, and not just to the embodiments
described above and shown in the accompanying figures.
Accordingly, the scope of the invention should be determined
from the following claims.

We claim:

1. A method for partially stroking an emergency valve
apparatus comprising an actuator and a valve member, the
apparatus being movable between a first position and a sec-
ond position, comprising steps of:

initiating partial stroke movement of the apparatus from

the first position towards the second position;
measuring a parameter of a fluid acting on the apparatus;
reversing the partial stroke movement of the apparatus
when the measured parameter of the fluid reaches a
threshold value; and
comparing the measured parameter to a mathematical
model to determine an operational status of the emer-
gency valve.

2. The method of claim 1, wherein the measured parameter
comprises a tluid pressure.

3. The method of claim 2, wherein the threshold pressure
comprises a pressure above atmospheric pressure.
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4. The method of claim 1, wherein the measured parameter
comprises a flow rate of the fluid exhausted from the appara-
tus.

5. The method of claim 1, wherein the measured parameter
comprises a flow rate of the fluid provided to the apparatus.

6. The method of claim 1, further comprising partially
stroking the emergency valve 1n an 1terative manner, wherein
cach of the partial strokes comprises a different measured
fluid parameter threshold value.

7. A method for partially stroking an emergency valve
apparatus comprising an actuator and a valve member, the
apparatus being movable between a first position and a sec-
ond position, comprising steps of:

imtiating partial stroke movement of the apparatus from

the first position towards the second position by adjust-
ing an energy supplied to the apparatus;

measuring the energy acting on the apparatus;

reversing the partial stroke movement of the apparatus and

the valve when the measured energy reaches a threshold
level;

measuring a pressure of a fluid acting on the apparatus; and

comparing the measured pressure to a mathematical model

to determine an operational status of the emergency
valve.

8. The method of claim 7, wherein the step of measuring,
the energy acting on the apparatus comprises measuring a
current.

9. The method of claim 7, wherein the step of measuring
the energy acting on the apparatus comprises measuring a
voltage.

10. The method of claim 7, further comprising partially
stroking the emergency valve 1n an iterative manner, wherein
cach of the partial strokes comprises a different measured
energy threshold value.

11. A method for determiming the operational status of an
emergency valve apparatus, movable between a {irst position
and second position, comprising steps of:

measuring a pressure acting on the apparatus during a

partial stroke test; and

comparing the pressure acting on the apparatus during the

partial stroke test to a mathematical model.

12. The method of claim 11, wherein the mathematical
model 1s based on a non-operational apparatus.

13. The method of claim 11, wherein the mathematical
model 1s based on an apparatus having a fixed volume during
the partial stroke test.

14. The method of claim 13, further comprising a step of
using the equation:

—b

P=ae™"* as the mathematical model
where:
P=pressure;

a=constant for the system;
e¢=base of the natural logarithm;
b=time constant; and

t=time.

15. The method of claim 11, further comprising a step of
determining the emergency valve 1s operational if the pres-
sure acting on the apparatus during the partial stroke test
varies from the mathematical model by more than a threshold
difference.

16. A method for partially stroking an emergency shut-
down system,

said emergency shutdown system comprising:

an emergency valve apparatus comprising an actuator
and a valve, adapted to control fluid tlow 1n a pipeline
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and being movable between a first position and a
second, the apparatus being biased towards the sec-
ond position;
a solenoid valve that,
when energized, provides a fluid flow path between a
pressurized fluid supply and the apparatus, thus
allowing a pressurized fluid to act on the apparatus
thereby moving the apparatus to the first position,
and
when de-energized, closes the fluid tlow path between
the pressurized fluid supply and the apparatus and
opens a fluid tlow path between the apparatus and a
pressure release vent to release the pressurized
fluid acting on the apparatus; and
a pressure sensor adapted to measure a pressure acting
on the apparatus;

said method comprising steps of:

de-energizing the solenoid valve;

measuring the pressure acting on the apparatus as the
pressurized tluid acting on the apparatus 1s released;

re-energizing the solenoid valve to re-open the fluid tlow
path between the pressurized fluid supply and the
apparatus and to close the fluid tlow path between the
apparatus and the vent; and

comparing the measured pressure to a mathematical
model.

17. The method of claim 16, wherein the apparatus moves
from the first position towards the second position as the
pressurized fluid acting on the apparatus 1s released.

18. The method of claim 17, further comprising a step of
re-energizing the solenoid valve when the measured pressure
reaches a threshold pressure.

19. The method of claim 18, wherein the threshold pressure
1s chosen such that the fluid flow path between the pressurized
fluid supply and the apparatus opens prior to the apparatus
reaching the second position.

20. The method of claim 16, wherein the step of comparing,
the measured pressure to a mathematical model comprises a
step comparing the measured pressure to a mathematical
model based on an apparatus having a fixed volume.

21. The method of claim 16, wherein the step of comparing,
the measured pressure to a mathematical model comprises a
step of comparing the measured pressure to the equation:

P=ae %

where:
P=pressure;
a=constant for the system;
e¢=base of the natural logarithm;
b=time constant; and
t=time.

22. The method of claim 16, further comprising a step of
determining the emergency valve 1s operational if the mea-
sured pressure varies from the mathematical model by more
than a threshold difference.

23. An emergency valve, comprising:

a valve apparatus including a pipeline valve (101) and an
actuator (103), the apparatus being movable between a
first position and a second position;

a solenoid valve (105) adapted to provide a fluid flow path
between a pressurized fluid supply (106) and the appa-
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ratus when energized, and adapted to provide a fluid flow
path between the apparatus and a pressure release vent
when de-energized;

a sensor (111) adapted to measure a parameter of a tluid

acting on the apparatus;
a control means (107) provided to selectively provide the
solenoid (105) with a solenoid electrical supply (110);

a testing means (109) for initiating a partial stroke of the
pipeline valve (101) by removing the solenoid electrical
supply (110) from the solenoid valve (105), thereby
de-energizing the solenoid valve (105) and re-energiz-
ing the solenoid valve (105) when the measured param-
cter of the tluid acting on the actuator reaches a threshold
value; and

wherein the testing means (109) 1s further configured to

compare the measured tluid parameter to a mathematical
model to determine an operational status of the pipeline
valve (101).

24. The emergency valve of claim 23, wherein the mea-
sured parameter comprises a fluid pressure.

25. The emergency valve of claim 23, wherein the math-
ematical model 1s based on an apparatus having a fixed vol-
ume.

26. The emergency valve of claim 23, wherein the math-

ematical model comprises the equation:

P=ge?¢

where:
P=pressure;
a=constant for the system;
¢=base of the natural logarithm;
b=time constant; and
t=time.

277. The emergency valve of claim 23, wherein the thresh-
old value comprises a pressure above atmospheric pressure.

28. The emergency valve of claim 24, wherein the mea-
sured parameter comprises a flow rate of fluid exhausted from
or provided to the apparatus.

29. The emergency valve of claim 24, wherein the mea-
sured parameter comprises a flow rate of fluid provided to the
apparatus.

30. The emergency valve of claim 24, wherein the appara-
tus further comprises a biasing means (104) adapted to bias
the apparatus towards the first position.

31. The emergency valve of claim 24, wherein the pressur-
1zed fluid supply (106) 1s capable of providing a pressure
suificient to overcome a biasing means (104) and retain the
apparatus at the first position.

32. The emergency valve of claim 24, wherein the appara-
tus moves from the first position towards the second position
alter the solenoid valve (105) 1s de-energized.

33. The emergency valve of claim 24, wherein the fluid
pressure at which the solenoid valve (105) 1s re-energized 1s
chosen such that the apparatus does not reach the second
position during the partial stroke of the emergency valve.

34. The emergency valve of claim 24, wherein the testing
means (109) initiates the partial stroke of the pipeline valve
(101) 1n an iterative manner, and wherein each of the partial

strokes comprises a different measured fluid parameter
threshold value.
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